PRODUCTION AND USE OF OCTAFLUOROPROPANE 



Cross-Reference to Related Applications 

This is a divisional of Application No. 
10/111,773 filed April 29, 2002, which is the National 
Stage of PCT/ JP01/07313 filed August 27, 2001 and 
which claims benefit of Provisional Application No. 
60/241,838 filed October 20, 2000; the above noted 
prior applications are all hereby incorporated by 
reference . 

Technical Field 

The present invention relates to a process for 
producing octaf luoropropane, an octaf luoropropane 
product, and uses thereof. 

Background Art 

Octaf luoropropane is used, for example, as a dry- 
etching or cleaning gas in the process for producing a 
semiconductor device. With respect to the production 
methods thereof, the following methods are known: 

(1) a method of performing a direct fluorination 
reaction between hexaf luoropropene and fluorine gas 
(see, Japanese Examined Patent Publication No. 62- 
61572 (JP-B-62-61572) ) , 

(2) a method of performing an electrolytic 
fluorination of hexaf luoropropene in hydrogen fluoride 
(see, Japanese Examined Patent Publication No. 62- 
61115 (JP-B-62-61115) ) , 

(3) a method of reacting hexaf luoropropene with 

fluorine in the presence of a catalyst (see, Japanese 
Examined Patent Publication No. 1-45455 (JP-B-1- 
45455)), and 



(4) a method of reacting hexaf luoropropene with 
a high-order metal fluoride (see, Japanese Examined 
Patent Publication No. 62-54777 ( JP-B-62-54777 ) ) . 

However, in these methods, by-products such as 
tetraf luoromethane (CF 4 ) and hexaf luoroethane (C 2 F 6 ) are 
produced due to cleavage, C 6 F l2 and C 6 F 14 are produced 
due to radical addition, and a 4-membered ring is 
produced due to cyclization addition, for example, and 
as a result, the yield of and selectivity for the 
objective octaf luoropropane decrease. Furthermore, 
some compounds in these impurities are difficult to 
separate by distillation and, in turn, high-purity 
octaf luoropropane can hardly be obtained. 

Particularly, in the case of using hexaf luoropropene 
as the starting material, chloropentaf luoroethane 
(CFC-115) contained as an impurity scarcely reacts 
with fluorine gas and mostly remains in the objective 
octaf luoropropane and since this impurity compound can 
hardly be separated by distillation, due to the 
similar boiling points, production of high-purity 
octaf luoropropane is difficult. 

Disclosure of Invention 

The present invention has been made under these 
circumstances and the object of the present invention 
is to provide a method for producing octaf luoropropane 
of high purity which can be used in a process of 
producing a semiconductor device, to provide high- 
purity octaf luoropropane and to the uses thereof. 

As a result of extensive investigations to attain 



the above-described object, the present inventors have 
found that high-purity octaf luoropropane can be 
produced by using a production process comprising (1) 
a step of reacting hexaf luoropropene with hydrogen 
fluoride in a gas phase at a temperature of 150 to 
450°C in the presence of a fluorination catalyst to 
obtain 2H-heptaf luoropropane and (2) a step of 
reacting 2H-heptaf luoropropane obtained in the step (1) 
with fluorine gas in a gas phase at a temperature of 
250 to 500°C in the absence of a catalyst to obtain 
octaf luoropropane . The present invention has been 
accomplished based on this finding. 

More specifically, the present invention (I) is a 
process for producing octaf luoropropane, comprising (1) 
a step of reacting hexaf luoropropene with hydrogen 
fluoride in a gas phase at a temperature of 150 to 
450°C in the presence of a fluorination catalyst to 
obtain 2H-heptaf luoropropane and (2) a step of 
reacting 2H-heptaf luoropropane obtained in the step (1) 
with fluorine gas in a gas phase at a temperature of 
from 250 to 500°C in the absence of a catalyst to 
obtain octaf luoropropane . In a preferred embodiment 
of the present invention (I) , the starting 
hexaf luoropropene contains at least one compound 
selected from the group consisting of 

dichlorodif luoromethane, chlorodif luorome thane , 

chloropentaf luoroethane, chlorotetraf luoroethane and 
chlorotrif luoroethylene; and in the step (1), the 
fluorination catalyst is a bulk catalyst mainly 
comprising an oxide of chromium and obtained by adding 



at least one member selected from the group consisting 
of indium, zinc and nickel, and the molar ratio of 
hydrogen f luoride/hexaf luoropropene is in the range 
from 0 . 8 to 3 : 1 . 

In a preferred embodiment of the present 
invention (I) , a step of removing impurities contained 
in 2H-heptaf luoropropane is provided before the step 
(2); the impurities are at least one compound selected 
from the group consisting of tetraf luoromethane, 
tri f luorome thane , chlorotr i f luoromethane , 

hexaf luoroethane and pentaf luoroethane ; the step of 
removing impurities is a distillation step; and the 
2H-heptaf luoropropane has a chlorine compound content 
of 0.01 vol% or less. 

In a preferred embodiment of the present 
invention (I), the step (2) is performed in the 
presence of a diluting gas and the diluting gas is at 
least one gas selected from the group consisting of 
hydrogen fluoride, tetraf luoromethane, 

hexaf luoroethane and octaf luoropropane ; and in the 
step (2), the molar ratio of fluorine gas/2H- 
heptaf luoropropane is in the range from 0.9 to 1.5:1, 
and the 2H-heptaf luoropropane concentration at the 
reactor inlet is 8 mol% or less. 

In a preferred embodiment of the present 
invention (I), at least a part of the outlet gas of 
the step (2) is circulated and reused as a diluting 
gas in the step (2) ; a step of reacting at least a 
part of the outlet gas of the step (2) with at least 
one hydrof luorocarbon to remove unreacted fluorine gas 
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contained in the outlet gas is provided; the 

hydro f luor ocarbon is selected from the group 

consisting of trifluoromethane, tetraf luoroethane, 

pentaf luoroethane and 2H-heptaf luoropropane; hydrogen 

5 fluoride contained in the outlet gas of the step (2) 

is separated and the separated hydrogen fluoride is 

returned to the step (1) and/or the step (2); and at 

least a part of the octaf luoropropane is separated 

from the gas after the separation of hydrogen fluoride, 

10 and the remaining gas is returned to the step (1) 

and/or the step (2). 

The present invention (II) is an 

octaf luoropropane product comprising octaf luoropropane 
having a purity of 99.995 vol% or more. In a 

15 preferred embodiment, the total amount of compounds 

having a chlorine atom within the molecule and cyclic 
compounds is 50 volppm or less based on the 
octaf luoropropane product. 

The present invention (III) is an etching gas 

2 0 comprising the above-described octaf luoropropane 

product. The present invention (IV) is a cleaning gas 
comprising the above-described octaf luoropropane 
product . 

Best Mode for Carrying Out the Invention 

25 The present invention is described in detail 

below. 

The hexaf luoropropene (CF 3 CF=CF 2 ) for use in the 
present invention (I) may be obtained as a by-product, 
for example, in the process of producing 
30 tetraf luoroethylene (CF 2 =CF 2 ) through thermal 

decomposition of chlorodi f luorome thane (CHC1F 2 ) , or 
obtained, as described in Japanese Unexamined Patent 
Publication No. 4-145033 ( JP-A-4-145033 ) , by a method 
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of chlorof luorinating, optionally with dehalogenation, 
propane, propylene or a partially halogenated C3 
acyclic hydrocarbon. However, in the 

hexaf luoropropene obtained by these methods, compounds 
5 having a chlorine atom within the molecule are 

intermixed as impurities in many cases, such as 
dichlorodi fluorome thane , chlorodi fluorome thane , 

chloropentaf luoroethane, chlorotetraf luoroethane and 
chlorotrif luoroethylene . The present invention 

10 provides a process of producing octaf luoropropane 

starting from hexaf luoropropene which may contain such 
impurities. Here, the boiling points of the 

intermediate 2H-heptaf luoropropane, the objective 
octaf luoropropane and the above-described impurities 

15 are shown in Table 1 below. 



Table 1 



Name of Compound 


Structural Formula 


Boiling Point 


Chlorodi fluoromethane 


CHC1F 2 


-41°C 


Chloropentaf luoroethane 


CF 3 CC1F 2 


-39 .3°C 


Octaf luoropropane 


CF 3 CF 2 CF 3 


-36.7°C 


Dichlorodi fluoromethane 


CC1 2 F 2 


-29 .2°C 


Hexaf luoropropene 


CF 3 CF=CF 2 


-29°C 


Chlorotrif luoroethylene 


CF 2 =CC1F 


-27 .9°C 


2H-Heptaf luoropropane 


CF3CHFCF3 


-15.2°C 


Chlorotetraf luoroethane 


CF 3 CHC1F 


-12°C 



As is apparent from the boiling points shown in 
Table 1, the boiling points of the compounds having a 



20 chlorine atom within the molecule, which are contained 

in the starting hexaf luoropropene, are approximated to 
the boiling point of the resulting octaf luoropropane, 



therefore , these compounds can hardly be separated by- 
only a distillation operation. 

In the process for producing octaf luoropropane of 
the present invention (I), a step (1) of reacting 
hexaf luoropropene with hydrogen fluoride in a gas 
phase at a temperature of from 150 to 450°C in the 
presence of a fluorination catalyst to obtain 2H- 
heptaf luoropropane is first performed. Step (1) has 
the following two advantageous points. 

[1] In the case of directly fluorinating hexa- 
f luoropropene with fluorine gas or performing the 
direct fluorination reaction with fluorine gas in the 
presence of a catalyst or high-order metal fluoride, 
various by-products are produced due to a cleavage 
reaction of carbon-carbon bond, a radical addition 
reaction, a cyclization reaction or the like. 
Accordingly, not only the yield and selectivity are 
reduced but also high-purity octaf luoropropane can 
hardly be obtained. In the present invention, 

hydrogen fluoride is added to hexaf luoropropene to 
obtain the intermediate 2H-heptaf luoropropane in a 
high yield with high selectivity, whereby the 
production of by-products due to those reactions can 
be suppressed. 

[ 2 ] As described above , hexaf luoropropene 
contains compounds having chlorine atom within the 
molecule as impurities in many cases and these 
compounds are difficult to remove by a distillation 
operation. In the present invention, at the same time 
as the reaction of adding hydrogen fluoride to 
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hexaf luoropropene to obtain 2H-heptaf luoropropane as 
an intermediate, compounds having a chlorine atom 
within the molecule are fluorinated using the hydrogen 
fluoride and thereby converted into compounds which 
5 are easy to separate by distillation. 

The reaction of adding hydrogen fluoride to 
hexaf luoropropene proceeds according to the following 
formula (1) in the presence of a fluorination catalyst: 
CF 3 CF=CF 2 + HF CF 3 CHFCF 3 (1) 

10 The fluorination catalyst may be a commonly used 

chromium-based catalyst. In the case where 

hexaf luoropropene contains chlorine- containing 

impurities and the chlorine-containing impurities are 
fluorinated and thereby converted into other compounds, 

15 the reaction temperature becomes higher, therefore, a 

bulk catalyst mainly comprising an oxide of chromium 
and obtained by adding at least one member selected 
from indium, zinc and nickel is preferably used, 
because this catalyst has excellent activity 

20 (performance) and high stability (catalyst life) . A 

supported catalyst (e.g. on an alumina support) may 
also be used, however, a bulk catalyst is preferred in 
view of activity and stability. Such a catalyst may 
be activated by a fluorination treatment with hydrogen 

25 fluoride before use in the reaction. 

In the step (1), the reaction temperature varies 
depending on the kind or content of impurities in 
hexaf luoropropene but it is in the range from 150 to 
450°C, preferably from 200 to 350°C. In the case 

30 where CFC-115 is contained as an impurity in 
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hexaf luoropropene, the reaction temperature is 
suitably in the range from 350 to 450°C / preferably 
from 350 to 400°C. If the reaction temperature 
exceeds 450°C, the catalyst is disadvantageously 
5 liable to decrease in stability, whereas if it is less 

than 150°C / the conversion in the objective reaction 
is reduced or the f luorination reaction of impurity 
compounds slowly proceeds, and these effects are not 
preferred. 

10 The molar ratio (HF/FC-1216) between hydrogen 

fluoride and hexaf luoropropene (FC-1216) is preferably 
from 0.8 to 3.0:1, more preferably from 1.0 to 2.0:1. 
If the molar ratio between hydrogen fluoride and 
hexaf luoropropene is less than 0.8:1, the conversion 

15 of hexaf luoropropylene may fall, whereas if the-molar 

ratio exceeds 3.0:1, the cost for equipment for 
recovering unreacted HF increases and this is not 
preferred. 

As described above, the starting hexaf luoro- 
2 0 propene may contain, as impurities, compounds having a 

chlorine atom within the molecule and these impurities 
are usually difficult to separate by distillation. 
Examples of the compounds having a chlorine atom 
within the molecule include chlorodif luoromethane , 

2 5 chloropentaf luoroethane, di chlorodif luoromethane, 

chlorotrif luoroethylene and chlorotetraf luoroethane . 
In the present invention (I) , these compounds having 
chlorine are converted into other fluoro- compounds 
which are easy to separate by distillation, during the 

3 0 main reaction in the step of reacting 
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hexaf luoropropene with hydrogen fluoride in the 
presence of a fluorination catalyst to obtain 2H- 
heptaf luoropropane . 

The chlorine compounds can be converted into 
5 other fluorine compounds, for example, by the 

following reactions (2) to (5): 

CHC1F 2 + HF — > CHF 3 + HC1 (2) 

CF 2 =CC1F + HF — > CF3CHCIF (3) 

CF3CHCIF + HF -> CF 3 CHF 2 + HC1 (4) 

10 CF 3 CC1F 2 + HF — > CF 3 CF 3 + HC1 (5) 

The boiling points of these fluorinated compounds 
and 2H-heptaf luoropropane as an intermediate are shown 
in Table 2 . 



Table 2 



Name of Compound 


Structural Formula 


Boiling Point 


Tetraf luorome thane 




-128°C 


Tr i f luorome thane 


CHF 3 


-84 .4°C 


Chlorotrif luorome thane 


CC1F 3 


-81.4°C 


Hexaf luoroe thane 


CF 3 CF 3 


-78.1°C 


Pent afluoroe thane 


CF 3 CHF 2 


-48.5°C 


2H-Heptaf luoropropane 


CF 3 CHFCF 3 


-15.2°C i 



15 

As is apparent from Table 2, there is obviously a 
large difference in boiling point between 2H- 
heptaf luoropropane as an intermediate and the 
compounds fluorinated according to the above-described 
20 reactions, as a result, separation of these compounds 

by distillation is facilitated. 

The gas mainly comprising 2H-heptaf luoropropane 
obtained in the step (1) is then introduced into a 
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dehydrohalogenation step of separating hydrogen 
chloride and unreacted hydrogen fluoride therefrom. 
The hydrogen chloride and hydrogen fluoride are 
further separated from each other by distillation and 
5 thereafter, the hydrogen chloride is neutralized with 

an aqueous alkali solution. The hydrogen fluoride may 
be returned to the step of fluorinating 
hexaf luoropropene or may be neutralized with an 
aqueous alkali solution. After the separation of 

10 hydrogen chloride and hydrogen fluoride in the 

dehydrohalogenation step, the gas mainly comprising 
2H-heptaf luoropropane is subjected to a treatment in 
the step (2) but before that, the gas is preferably 
introduced into a distillation tower to remove 

15 impurities contained in the 2H-heptaf luoropropane . 

Examples of the impurities contained in 2H- 
heptaf luoropropane include tetraf luoromethane, 

trif luoromethane, chlorotrif luoromethane, 

hexaf luoroethane and pentaf luoroethane . These 

2 0 impurities are preferably removed by distillation. In 

the distillation tower, tetraf luoromethane, 

tri f luoromethane , chlorotri f luoromethane , 

hexaf luoroethane and pentaf luoroethane as low boiling 
fractions are extracted from the top of the 
25 distillation tower, and 2H-heptaf luoropropane is 

extracted from the bottom. This gas mainly comprising 
2H-heptaf luoropropane is used as a starting material 
in the direct fluorination reaction with fluorine gas. 
Irrespective of the presence or absence of 

3 0 distillation after the dehydrohalogenation step, the 



content of chlorine compounds contained as impurities 
in 2H-heptaf luoropropane is preferably 0.01 vol% or 
less, more preferably 0.005 vol% or less. 
The step (2) is described below. 

The step (2) is a direct fluorination reaction 
step of reacting 2H-heptaf luoropropane obtained in the 
fluorination step of the step (1) with fluorine gas in 
the gas phase at a temperature of from 250 to 500°C in 
the absence of a catalyst to obtain octaf luoropropane . 
This step has the following three advantageous points. 

[1] In the case of reacting hydro fluorocarbon 
with fluorine gas to produce perf luorocarbon, a huge 
heat of reaction is generated. The heat of reaction 
is proportional to the molar number of fluorine 
reacted per one molecule. As the amount of fluorine 
becomes larger, the heat of reaction becomes larger, 
the possibility of cleavage of a carbon-carbon bond, 
polymerization, cyclization addition or, depending on 
the case, explosion is higher, and the yield is lower, 
and this gives rise to problems in industrial 
production or operation. In order to prevent abrupt 
generation of the heat of reaction in the direct 
fluorination reaction, a method of diluting fluorine 
with an inert gas (e.g., nitrogen or helium) and a 
method of diluting an organic material as the 
substrate are known. An inert gas such as nitrogen 
and helium is not advantageous, in view of the cost, 
considering the separation and purification from the 
objective perf luorocarbon in the distillation step. 
In the present invention (I) , at least one gas 



selected from the group consisting of hydrogen 
fluoride, tetraf luorome thane, hexaf luoroethane and 
octaf luoropropane is used as the diluting gas, whereby 
the above-described problems can be solved. 

[2] In the present invention (I), the reaction 
may be performed by setting the concentration of the 
reaction substrate 2H-heptaf luoropropane at the 
'reactor inlet to be lower than the explosion range 
using a diluting gas, specifically, to 8 mol% or less. 
As described above, in the direct fluorination 
reaction using fluorine gas, the fluorine gas used is 
extremely abundant in the reactivity, therefore, when 
the organic compound as a substrate (particularly a 
compound containing hydrogen) is exposed to the 
fluorine gas, combustion or explosion may take place 
and this is dangerous. In the step (2), since 2H- 
heptaf luoropropane used as the substrate contains a 
hydrogen atom, the matter of importance is to prevent 
explosion between 2H-heptaf luoropropane and fluorine 
gas. In order to prevent the explosion, the mixed gas 
composition must be out of the explosion range. The 
present inventors have studied on the explosion range 
between 2H-heptaf luoropropane and fluorine gas and, as 
a result, the lower limit in the explosion range of 
2H-heptaf luoropropane was found to be 8 mol% or less. 
Thus, the 2H-heptaf luoropropane concentration at the 
reaction inlet can be set within the safety range. 

[3] In the direct fluorination reaction of 
reacting 2H-heptaf luoropropane with fluorine gas, if 
2H-heptaf luoropropane is used in excess based on the 
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fluorine gas, a step of removing fluorine gas may be 
dispensed with but great difficulties are incurred in 
the later separation and purification. In the step (2) 
of the present invention (I), the fluorine gas can be 
5 used in an excess molar amount based on 2H- 

heptaf luoropropane so as to elevate the reaction 
efficiency and when fluorine gas is used in excess, 
the reaction production gas outflowing from the 
reaction step contains the excess fluorine gas in 

10 addition to perf luorocarbon and hydrogen fluoride. 

For treating the excess fluorine gas, a method of 
reacting the gas with an inorganic oxide such as 
alumina or soda lime is known, however, this method is 
not preferred because water is produced by the 

15 reaction and causes corrosion of apparatus materials. 

In the present invention (I), the excess fluorine gas 
can be removed by contacting the gas with 
hydrof luorocarbon at 1.1 molar times, in terms of the 
chemical equivalent ratio, to the excess fluorine gas. 

20 The direct fluorination reaction of reacting 2H- 

heptaf luoropropane with fluorine gas proceeds 
according to the following formula (6): 

CF3CHFCF3 + F 2 -> CF 3 CF 2 CF 3 + HF (6) 

This reaction may be performed using a catalyst 
25 but may also be performed in the absence of a catalyst. 

Furthermore, as described above, the direct 
fluorination reaction of reacting hydrof luorocarbon 
with fluorine gas is accompanied with generation of 
much heat of reaction, therefore, this reaction is 
30 preferably performed in the presence of a diluting gas. 
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The diluting gas for use in this reaction may be at 
least one gas selected from the group consisting of 
hydrogen fluoride , tetraf luoromethane , 

hexaf luoroethane and octaf luoropropane . Among these, 
5 preferred are hydrogen fluoride and/or 

octaf luoropropane, more preferred is a gas abundant in 
hydrogen fluoride . 

For introducing the diluting gas, a method of 
diluting either one or both of 2 H-hep t a f luoropropane 

10 and fluorine gas with a diluting gas and then 

introducing these into a reactor may be used. The 
concentration of the substrate 2H-heptaf luoropropane 
at the reactor inlet is preferably set to 8 mol% or 
less which is lower than the explosion range, more 

15 preferably 6 mol% or less. The concentration of 

fluorine gas at the reactor inlet is preferably set 
such that the molar ratio of fluorine gas/2H- 
heptaf luoropropane becomes from 0.9 to 1.5:1, more 
preferably from 0.9 to 1.2:1. If the fluorine 

20 concentration is set to give a molar ratio of fluorine 

gas/2H-heptaf luoropropane of less than 0.9:1, the 
conversion of 2H-heptaf luoropropane may decrease, 
whereas if set to give a molar ratio in excess of 
1.5:1, the step for removing unreacted fluorine may 

25 disadvantageously bear a burden. Furthermore, if the 

molar ratio of fluorine gas/2H-heptaf luoropropane 
exceeds 1.5:1, when the outlet gas of the step (2) is 
circulated and reused as the diluting gas of the step 
(2), the fluorine concentration in the circulating gas 

30 (diluting gas) may increase and there may arise a 



problem such as an explosion. 

The 2H-heptaf luoropropane and fluorine gas 
diluted with a diluting gas to a concentration lower 
than the explosion range can be reacted in a gas phase. 
The reaction temperature is suitably from 250 to 500°C / 
preferably from 350 to 450°C. If the reaction 

temperature is less than 250°C, the reaction proceeds 
slowly, whereas if it exceeds 500°C / the carbon-carbon 
bond in the objective octaf luoropropane is liable to 
cleave and this is not preferred. 

The outlet gas of the step (2) mainly comprises 
hydrogen fluoride and octaf luoropropane . In the 

present invention (I) , at least a part of the outlet 
gas can be circulated and reused as a diluting gas in 
the step (2) . In some cases, the outlet gas contains 
unreacted fluorine gas and if this is the case, for 
detecting the concentration of unreacted fluorine gas, 
a method of continuously introducing a very slight 
amount of outlet gas into the continuously flowing 
solution containing a metal iodide to produce iodine, 
measuring the transmi ttance of visible light in a 
specific wavelength region through the solution, 
thereby continuously quantitating the iodine produced, 
and calculating the concentration of unreacted 
fluorine, may be used. For detecting fluorine 

compounds and determining the reaction rate, a method 
of measuring the concentrations of perf luorocarbon, 
hydro fluorocarbon and hydrogen fluoride contained in 
the mixed gas according to an infrared spectrometry 
may be used. By this determining, the operation can 
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be continuously performed, industrially, under safe 
conditions . 

In addition to the reuse of outlet gas of the 
step (2) as the diluting gas by circulation, when 
unreacted fluorine gas is contained therein, the 
reaction outlet gas is preferably extracted in almost 
the same amount, for example, as 2H-heptaf luoropropane 
fed, introduced into the step of removing unreacted 
fluorine and then contacted with hydrof luorocarbon in 
1.1 molar times in terms of the chemical equivalent 
ratio to excess fluorine gas, to remove fluorine gas. 
The contacting temperature in the step of removing 
fluorine gas varies depending on the kind of 
hydrof luorocarbon but it is preferably from 250 to 
500°C, more preferably from 350 to 450°C. The 
concentration of fluorine in the outlet gas after the 
fluorine-removing step may usually be 50 ppm or less 
and depending on the condition, may be 10 ppm or less. 
Examples of the hydrof luorocarbon which can be used 
for the reaction with excess fluorine gas include 
trif luorome thane, tetraf luoroe thane , pentaf luoroe thane 
and 2H-heptaf luoropropane . 

The outlet gas of step (2), exclusive of the part 
of the outlet gas circulated and reused as the 
diluting gas in the step (2), is, when fluorine gas 
remains therein, introduced into a partial 
condensation step after passing through the fluorine- 
removing step. The main components of the outlet gas 
are hydrogen fluoride and octaf luoropropane and in the 
partial condensation step, the system is cooled to 



cause liquid separation of hydrogen fluoride, and 
octaf luoropropane is mainly separated as a gas. The 
hydrogen fluoride separated can be circulated and 
reused by returning it to the fluorination step (1) 
and/or the direct fluorination step (2). The gas 
mainly comprising octaf luoropropane , which is 
separated as a gas, is passed through a dehydration 
step, pressurized by a compressor and introduced into 
a distillation tower . 

After the gas mainly comprising octaf luoropropane 
is introduced into a distillation tower, low boiling 
fractions are extracted from the top of, for example, 
a first distillation tower. The low boiling fractions 
are inert gas, tetraf luoromethane , hexaf luoroethane 
and the like, and can be used as the diluting gas in 
the direct fluorination step (2) . The gas mainly 
comprising octaf luoropropane extracted from the bottom 
is introduced into a second distillation tower and in 
the second distillation tower, octaf luoropropane is 
extracted as a low boiling fraction from the top and 
then introduced into a product step . The high boiling 
fraction extracted from the bottom in the second 
distillation tower may be returned to the step (2) and 
used as the diluting gas or, depending on the case, 
may be decomposed using a harmful -gas removing agent 
or the like. 

The objective octaf luoropropane introduced into 
the product step is further purified, if desired, and 
introduced into a product tank, depending on the case, 
through a dehydration step. The purity of the 



octaf luoropropane introduced into the product tank can 
be determined by an analysis method such as (1) gas 
chromatography (GC) using TCD, FID or ECD, or (2) gas 
chromatography-mass spectrometer (GC-MS) . The present 
invention (II) is a high-purity octaf luoropropane 
having a purity of 99.995 vol% or more, which is 
obtained using the production process of the present 
invention (I). With respect to the impurities 

contained in the octaf luoropropane, the total amount 
of compounds having chlorine atom within the molecule 
and cyclic compounds is 5 0 volppm or less and the 
total amount of these impurities can also be reduced 
to 10 volppm or less. 

The present invention (III) and the present 
invention (IV) , which are uses of the high-purity 
octaf luoropropane obtained using the production 
process of the present invention (I) , are described 
below. 

The high-purity octaf luoropropane of the present 
invention (II) can be used as an etching gas in an 
etching step in a process of producing a semiconductor 
device and can also be used as a cleaning gas in a 
cleaning step in a process of producing a 
semiconductor device. In the production process of a 
semiconductor device such as an LSI or a TFT, a thin 
or thick film is formed using a CVD method, a 
sputtering method or a vapor deposition method, and 
the film is etched to form a circuit pattern. In the 
apparatus for forming the thin or thick film, cleaning 
is performed to remove unnecessary deposits 
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accumulated on the inner wall of the apparatus, jig, 
pipeline and the like, because unnecessary deposits 
cause generation of particles and must be removed, 
occasionally, to produce a good-quality film. In the 
5 use as an etching or cleaning gas, the 

octaf luoropropane of the present invention may be 
diluted with an inert gas such as He, Ar and N 2 , or may 
be used by mixing it with a gas such as F 2 , NF 3 , C 2 F<, 
HCl, 0 2 and H a , at an appropriate ratio. 
10 The present invention is described in greater 

detail below by referring to the Examples and 
Comparative Examples, however, the present invention 
should not be construed as being limited to these 
Examples . 

15 Starting Material Example 1 

A starting material hexaf luoropropene having the 
composition shown in Table 3 was obtained after a 
separation and distillation operation of HFP 
(hexaf luoropropene) obtained as a by-product in the 
20 process of thermally decomposing HCFC-22 (CHC1F 2 ) 

together with water vapor on alumina to produce TFE 
( tetraf luoroethylene) . 
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Tabl 3 



Name of Compound 


Chemical Formula 


Lomposicion 
(vol%) 


Hexaf luoropropene 


CF 3 CF=CF 2 


99 .9685 


Tetraf luoroethylene 


CF 2 =CF 2 


0.0033 


Chlorotrif luoroethylene 


CF 2 =CC1F 


0.0008 


Dichlorotetraf luoroe thane 


CF 3 CC1 2 F 


0.0011 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0192 


Pen taf luoroe thane 


CF 3 CHF 2 


0.0028 


Chlorotrif luoroethane 


CF 3 CH 2 C1 


0.0004 


Chlorodi fluorome thane 


CHC1F 2 


0.0039 



Starting Material Example 2 

A commercially available hexaf luoropropene was 



5 analyzed and found to have the composition shown in 

Table 4 . 



Table 4 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


Hexaf luoropropene 


CF 3 CF=CF 2 


99.9196 


Tetraf luoroethylene 


CF 2 =CF 2 


0 . 0008 


Chlorotri f luoroethylene 


CF 2 =CC1F 


0.0004 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0 . 0414 


Dichlorodi fluorome thane 


CC1 2 F 2 


0.0248 


Chlorodi f luor omethane 


CHC1F 2 


0.0069 


Chlorodi f luoroethylene 


CF 2 =CHC1 


0.0042 


Tetraf luoroethane 


CF S CH 2 F 


0.0019 



Production of Fluorination Catalyst 

10 Into a 10 L container containing 0.6 L of 

purified water, a solution obtained by dissolving 452 
g of Cr (N0 3 ) 3 *9H 2 0 and 42 g of In (N0 3 ) , *nH 2 0 (n is about 
5) in 1.2 L of purified water, and 0.31 L of 28% 
aqueous ammonia were added dropwise over about 1 hour 
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while stirring under the control of respective flow 
rates of two aqueous solutions to give a reaction 
solution having a pH of 7.5 to 8.5. The resulting 
hydroxide slurry was filtered, thoroughly washed with 
5 purified water and then dried at 120°C for 12 hours. 

The thus-obtained solid was pulverized, mixed with 
graphite and then pelletized by a tabletting machine. 
The pellets obtained were calcined at 400°C for 4 
hours in a nitrogen stream to obtain a catalyst 

10 precursor. Into an Inconel-made reactor, the catalyst 

precursor was filled and subsequently subjected to a 
fluorination treatment (activation of catalyst) at an 
atmospheric pressure and 350°C in a stream of HF 
diluted with nitrogen and then in a 100% HF stream to 

15 prepare a catalyst. 

Example 1 

Into an Inconel 600-type reactor having an inner 
diameter of 1 inch and a length of 1 m, 100 ml- of the 
catalyst, prepared according to the method described 
in the above Production of Fluorination Catalyst, was 
filled, and the temperature was elevated to 400°C 
while passing nitrogen therethrough. Thereto, 
hydrogen fluoride was fed at 6.32 NL/hr and then the 
gas mainly comprising hexaf luoropropene as described 
in Starting Material Example 1 was fed at 3.24 NL/hr. 
By stopping the feeding of nitrogen gas, the reaction 
was initiated. After 2 hours, the discharged gas was 
washed with an aqueous potassium hydroxide solution to 
remove the acid content and thereafter, the gas 



20 



25 
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composition was analyzed by gas chromatography and, as 
a result, a gas having the composition shown in Table 
5 was obtained. 



Table 5 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


2H-Heptaf luoropropane 


CF3CHFCF3 


99 .9611 


Trif luorome thane 


CHF 3 


0.0053 


Hexaf luoroe thane 


CF3CF3 


0.0192 


Pentaf luoroethane 


CF 3 CHF 2 


0.0071 


Octaf luoropropane 


CF 3 CF 2 CF 3 


0.0004 


Hexaf luoropropene 


CF 3 CF=CF 2 


0.0052 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0008 


Tetraf luoroethane 


CF 3 CH 2 F 


0.0008 


Chlorotrif luoroethane 


CF 3 CH 2 C1 


0.0001 



The gas after the removal of acid content was 
collected under cooling using a cylinder container and 
distillation-purified to remove low boiling fractions 
and high boiling fractions by a known method. The 
10 composition obtained after the distillation and 

purification was analyzed by gas chromatography and 
found to have the composition shown in Table 6. 



Table 6 



Name 0 f Compound 


Chemical Formula 


Composition 
(vol%) 


2H-Heptaf luoropropane 


CF3CHFCF3 


99.9965 


Pentaf luoroethane 


CF 3 CHF 2 


0.0003 


Octaf luoropropane 


CF 3 CF 2 CF 3 


0.0001 


Hexa f luoropropene 


CF 3 CF=CF 2 


0.0019 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0007 


Tetraf luoroethane 


CF 3 CH 2 F 


0.0005 



15 From the results shown in Table 6, it was found 

that chlorine compounds contained as impurities in 2H- 
heptaf luoropropane can be reduced to 0.01 vol% or less 
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by distillation. 
Example 2 

Using the gas mainly comprising 2H- 
heptaf luoropropane after the distillation obtained in 
5 Example 1, a direct fluorination reaction with 

fluorine gas was performed. 

A nickel reactor having an inner diameter of 20.6 
mm(j) and a length of 500 mm (using heating by an 

electric heater; the reactor had been subjected to a 

10 passivation treatment with fluorine gas at a 

temperature of 5 00°C) was heated to a temperature of 
400°C while passing nitrogen gas at 20 NL/hr. 

Then, hydrogen fluoride (diluting gas) was fed at 
60 NL/hr through two branches and, into one gas flow, 

15 the gas mainly comprising 2H-heptaf luoropropane was 

fed at 3.24 NL/hr. Thereafter, fluorine gas was fed 
into another gas flow of hydrogen fluoride at 3.55 
NL/hr, the feeding of nitrogen gas was stopped, and 
the direct fluorination reaction was performed. After 

2 0 3 hours, the reaction product gas was washed with an 

aqueous potassium hydroxide solution and an aqueous 
potassium iodide solution, analyzed on hydrogen 
fluoride and unreacted fluorine gas, and after 
removing the acid content, analyzed by gas 

25 chromatography. As a result, the organic material was 

found to have the gas composition shown in Table 7. 



- 25 - 



Table 7 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


Octaf luoropropane 


CF 3 CF 2 CF 3 


99.1042 


Tetraf luoromethane 


CF 4 


0.0011 


Hexaf luoroe thane 


CF 3 CF 3 


0. 0017 


2 H-Heptaf luoropropane 


CF 3 CHFCF 3 


0.8762 


Chloropentaf luoroe thane 


CF 3 CC1F 2 


0.0006 


Perf luorohexane 


C F 

^6 r 14 


0.0162 



The amount of unreacted fluorine gas in the 
reaction outlet gas was 0.2 6 NL/hr. 



5 The gas after the removal of acid content was 

collected under cooling using a cylinder container and 
distillation-purified to remove low boiling fractions 

and high boiling fractions by a known method. The 

composition obtained after the distillation and 

10 purification was analyzed by gas chromatography and 
found to have the composition shown in Table 8. 



Table 8 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


Octaf luoropropane 


CF 3 CF 2 CF 3 


99.9992 


2 H-Heptaf luoropropane 


CF 3 CHFCF 3 


0. 0002 


Chloropentaf luoroe thane 


CF 3 CC1F 2 


0. 0006 



From the results shown in Table 8, 



15 octaf luoropropane obtained was found to have a purity 

of 99.999 vol% or more. 

Example 3 

Into a nickel reactor having an inner diameter of 
20.6 mm<{> and a length of 500 mm, the outlet gas 



containing unreacted fluorine gas obtained after the 
direct fluorination reaction in Example 2 was 
introduced. The gas composition was such that the 
hydrogen fluoride flow was 62.82 NL/hr, the organic 
material flow was 3.16 NL/hr and the unreacted 
fluorine gas flow was about 0.2 6 NL/hr. The reactor 
temperature was elevated to 390°C / trifluorome thane as 
hydrof luorocarbon was fed at about 0.286 NL/hr from 
the reactor inlet, and unreacted fluorine and organic 
material- composition were analyzed by titration and 
gas chromatography. The amount of unreacted fluorine 
gas in the outlet gas after the reaction with 
trifluorome thane was 50 ppm or less, and the outlet 
gas had the composition shown in Table 9. 



Table 9 



Name o f Compound 


Chemical Formula 


Composition 
(vol%) 


Oc ta f luor opr opane 


CF 3 CF 2 CF 3 


91.6849 


Tetraf luorome thane 




5 .2707 


Trif luoromethane 


CHF 3 


3 .0232 


Hexaf luoroethane 


CF3CF3 


0.0028 


2H-Heptaf luoropropane 


CF 3 CHFCF 3 


0.0029 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0006 


Perf luorohexane 


C F 


0.0149 



Subsequently, the outlet gas after the removal of 
remaining fluorine gas was washed with an aqueous 
potassium hydroxide solution to remove hydrogen 
fluoride. The gas after the removal of acid content 
was collected under cooling using a cylinder container 
and purified by distillation to remove low boiling 
fractions and high boiling fractions by a known method 



The gas obtained after the purification was analyzed 
by gas chromatography and found to have the 
composition shown in Table 10. 



Table 10 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


Octaf luoropropane 


CF 3 CF 2 CF 3 


99.9993 


2 H-Hep ta f luoropropane 


CF3CHFCF3 


0.0001 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0006 



Comparative Example 1 

A direct fluorination reaction of reacting 
hexaf luoropropene with fluorine gas was performed. A 
nickel reactor having an inner diameter of 2 0.6 mm(|) 
and a length of 500 mm (using heating by an electric 
heater; the reactor had been subjected to a 
passivation treatment with fluorine gas at a 
temperature of 500°C) was heated to a temperature of 
50°C while passing nitrogen gas at 60 NL/hr through 
two branches. Into one nitrogen gas flow, the gas 
mainly comprising hexaf luoropropane described in 
Starting Material Example 1 was fed at 3.24 NL/hr. 
Subsequently, fluorine gas was fed into another 
nitrogen gas flow at 3.55 NL/hr and the direct 
fluorination reaction was performed. After 2 hours, 
the reaction product gas was washed with an aqueous 
potassium hydroxide solution and an aqueous potassium 
iodide solution to remove unreacted fluorine gas, and 
analyzed by gas chromatography. As a result, the gas 
had the composition shown in Table 11. 
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Table 11 



Name o f Compound 


Chemical Formula 


Composition 
(vol%) 


Octaf luoropropane 


CF 3 CF 2 CF 3 


93 .3515 


Hexaf luoroethane 


CF3CF3 


0.0063 


Chlorotrif luorome thane 


CC1F 3 


0.0039 


Chloropentaf luoroethane 


CF 3 CClF 2 


0.0204 


Dichlorotetraf luoroethane 


CF 3 CC1 2 F 


0.0011 j 


Perf luorohexane 


C F 


6.6122 j 


Octaf luorocyclobutane 


C F 

^4^ 8 


0.0046 



As is proved from the results shown in Table 11, 
the method of producing octaf luoropropane by a direct 
5 fluorination reaction between hexaf luoropropene and 

fluorine gas was found to cause generation of 
polymerization, cyclization addition or the like, and 
decrease in the yield. 

Then, the gas after the removal of acid content 
10 was collected under cooling using a cylinder container 

and distillation-purified to remove low boiling 
fractions and high boiling fractions by a known method 
The composition obtained after the distillation and 
purification was analyzed by gas chromatography and 
15 found to have the composition shown in Table 12 . 

Table 12 



Name 0 f Compound 


Chemical Formula 


Composition 
(vol%) 


Octaf luoropropane 


CF 3 CF 2 CF 3 


99 . 9768 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0218 


Octaf luorocyclobutane 


C,F 8 


0.0022 



As is proved from the results shown in Table 12, 



it is difficult to separate octaf luoropropane, 



chloropentaf luoroethane as chlorine compound, and 
octaf luorocyclobutane as cyclic compound, and thereby 
attain purification to a high purity. 

Example 4 

A reaction was performed by the same operations 
and under the same conditions as in Example 1 except 
for changing the starting material hexaf luoropropene 
to Starting Material Example 2 . The gas after the 
removal of acid content was analyzed and found to have 
the composition shown in Table 13 . 



Table 13 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


2H-Heptaf luoropropane 


CF 3 CHFCF 3 


99.9079 


Trif luoromethane 


CHF 3 


0.0098 


Hexaf luoroethane 


CF 3 CF 3 


0.0414 


Pentaf luoroethane 


CF 3 CHF 2 


0.0028 


Chlorotrif luoromethane 


CC1F 3 


0.0236 


Octaf luoropropane 


CF 3 CF 2 CF 3 


0.0005 


Hexaf luoropropene 


CF 3 CF=CF 2 


0.0049 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0004 


Tetraf luoroethane 


CF 3 CH 2 F 


0.0029 


Dichlorodif luoromethane 


CC1 2 F 2 


0. 0012 


Chloro tetraf luoroethane 


CF 3 CHC1F 


0.0005 


Chlorotrif luoroethane 


CF 3 CH 2 C1 


0.0041 



The gas, after the removal of the acid content, 
was collected under cooling using a cylinder container 
and purified by distillation to remove low boiling 
fractions and high boiling fractions by a known method. 
The composition obtained after the purification was 
analyzed by gas chromatography and found to have the 
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composition shown in Table 14. 

Table 14 



Name of Compound 


Chemical Formula 


V— Ul I IjyJ W O _l_ L ± U1I 

(vol%) 


2H-Heptaf luoropropane 


CF3CHFCF3 


99 .9925 


Pentaf luoroethane 


CF 3 CHF 2 


0.0009 


Oc taf luoropropane 


CF 3 CF 2 CF 3 


0.0002 


Hexaf luoropropene 


CF 3 CF=CF 2 


0.0016 


Chloropentaf luoroethane 


CF 3 CC1F 2 


0.0014 


Tetraf luoroethane 


CF 3 CH 2 F 


0.0025 


Dichlorodif luorome thane 


CC1 2 F 2 


0.0009 



From the results shown in Table 14, it was found 
5 that chlorine compounds contained as impurities in 2H- 

heptaf luoropropane can be reduced to 0.01 vol% or less 
by distillation. 

Example 5 

A reaction was performed by the same operation 
10 and under the same conditions as in Example 2 except 

for using the purified product of 2H- 
heptaf luoropropane described in Example 4. The gas, 
after the removal of the acid content, was collected 
under cooling using a cylinder container and purified 
15 by distillation to remove low boiling fractions and 

high boiling fractions by a known method. The 
composition obtained was analyzed by gas 
chromatography and found to have the composition shown 
in Table 15. 
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Table 15 



Name of Compound 


Chemical Formula 


Composition 
(vol%) 


Oc t a f luor opr opane 


CF 3 CF a CF 3 


99 .9979 


Chloropentaf luoroe thane 


CF 3 CC1F 2 


0.0015 


Di chlor odi f luor ome thane 


CC1 2 F 2 


0.0006 



As is proved from the results shown in Table 15, 
octaf luoropropane having a purity of 99.995 vol% or 



5 more can be obtained. 

Industrial Applicability 

As described in the foregoing pages, when the 
process of the present invention is used, high-purity 
octaf luoropropane can be produced from 

10 hexaf luoropropene which may contain chlorine- 

containing impurities, and the high-purity 

octaf luoropropane produced by using the present 
invention can be used as an etching or cleaning gas in 
the process of manufacturing a semiconductor device. 



